Convolutional neural networks (CNN) have been used increasingly in several land-use classification tasks, but there is a need to further investigate its potential. This study aims to evaluate the performance of CNN methods for land classification and to identify land-use (LU) change. Eight transferred CNN-based models were fully evaluated on remote sensing data for LU scene classification using three pre-trained CNN models AlexNet, GoogLeNet, and VGGNet. The classification accuracy of all the models ranges from 95% to 98% with the best-performed method the transferred CNN model combined with support vector machine (SVM) as feature classifier (CNN-SVM). The transferred CNN-SVM model was then applied to orthophotos of the northeastern Cloverdale as part of the City of Surrey, Canada from 2004 to 2017 to perform LU classification and LU change analysis. Two sources of datasets were used to train the CNN-SVM model to solve a practical issue with the limited data. The obtained results indicated that residential areas were expanding by creating higher density, while green areas and low-density residential areas were decreasing over the years, which accurately indicates the trend of LU change in the community of Cloverdale study area.
Introduction
Land-use (LU) represents the human use of the natural environment for economic, urban, recreational, conservational and governmental purposes. Land-cover (LC) represents how a region of the earth surface is covered by physical features such as vegetation, water, forest or other [1] . In modern history, the worldwide growth of population has brought significant challenges to society and the environment, such as the increasing demand for housings, food, natural resources and basic services [2] . These have resulted in land-use and land-cover (LULC) changes that have caused adverse effects on the natural environments [3] . The need for efficient land-use planning and management is increasing, not only to eliminate the negative effects of historical LU decisions but also to make future communities healthier and more sustainable [4] . Therefore, there is a need for more advanced computational methods to analyze geospatial data from the Earth's surface to quantify and better understand the complex dynamics of LULC change processes.
Remote sensing (RS) datasets provide significant information documenting the land-use and land-cover processes [5] . RS datasets provide coverages from regional to global scales [6] . Interpretation of RS datasets is a major way to understand the status and changes in both the natural and built environments. In recent decades, RS sensors and techniques have become increasingly sophisticated. They can provide a large volume of datasets with high quality and fine spatial resolution. An image is organized as a matrix of pixel values. Given a random input image, the CNN recognizes the class it belongs to and the values of probability that the input belongs to each class. There are four basic types of layers making up a CNN as presented on Figure 2 and their roles are as follows:
a. Convolutional layer performs the linear operation by doing element-wise multiplications and summations on every sub-input, using a group of weight matrixes called feature filters ( Figure 2a ). Feature filters learn their weights from training data; then each filter can detect the existence of a specific feature. The outputs are called feature maps. A feature map records not only the operation values but also the relative spatial location of these values. On the feature map, a higher output value indicates the potential existence of the corresponding feature at its relative location. b. Rectified linear units (ReLU) layer performs a nonlinear function (such as tanh and sigmoid) on the input (Figure 2b ). Introducing nonlinearity to the system can improve computational efficiency without losing much accuracy. When performing a threshold operation: f(x) = max (0, x) , where f is a nonlinear function applied to all values x in the matrixes, the negative values of input matrixes are rectified as 0 keeping the size of input volume unchanged. c. Pooling layer is a down-sampling layer (Figure 2c ), aiming to decrease the size of the feature maps and to reduce the computational cost. A max pooling layer keeps only the maximal number of every sub-array (2 × 2) as the element of output array. Output omits unimportant features, while keeps the relative location of features. d. The fully connected layer multiplies the input by a weight matrix and then adds a bias vector to the output, an N-dimensional vector (Figure 2d ). The output gives the probability An image is organized as a matrix of pixel values. Given a random input image, the CNN recognizes the class it belongs to and the values of probability that the input belongs to each class. There are four basic types of layers making up a CNN as presented on Figure 2 and their roles are as follows: a.
Convolutional layer performs the linear operation by doing element-wise multiplications and summations on every sub-input, using a group of weight matrixes called feature filters ( Figure 2a ). Feature filters learn their weights from training data; then each filter can detect the existence of a specific feature. The outputs are called feature maps. A feature map records not only the operation values but also the relative spatial location of these values. On the feature map, a higher output value indicates the potential existence of the corresponding feature at its relative location. b.
Rectified linear units (ReLU) layer performs a nonlinear function (such as tanh and sigmoid) on the input (Figure 2b ). Introducing nonlinearity to the system can improve computational efficiency without losing much accuracy. When performing a threshold operation: f(x) = max (0, x), where f is a nonlinear function applied to all values x in the matrixes, the negative values of input matrixes are rectified as 0 keeping the size of input volume unchanged. c.
Pooling layer is a down-sampling layer (Figure 2c ), aiming to decrease the size of the feature maps and to reduce the computational cost. A max pooling layer keeps only the maximal number of every sub-array (2 × 2) as the element of output array. Output omits unimportant features, while keeps the relative location of features. d.
The fully connected layer multiplies the input by a weight matrix and then adds a bias vector to the output, an N-dimensional vector (Figure 2d ). The output gives the probability of the input image belonging to each class, where N is the number of the category in a classification task. of the input image belonging to each class, where N is the number of the category in a classification task. 
Training and Testing of CNN
AlexNet, GoogLeNet and VGGNet were typical CNN architectures and were used in this study as the pre-trained models. AlexNet [9] consisted of 25 layers and had 62.3 million parameters such as the weight of every neuron insides layer plus bias. GoogLeNet was developed by Szegedy et al. [44] , and it greatly reduced the number of parameters used in the network to 4 million, compared with 60 million typically used in AlexNet. VGGNet [29] can be regarded as a deeper AlexNet with 140 million parameters, so it used more computer memory and time to be fully trained. Initially, parameters were randomly generated and they were learnable through the training and testing process. The parameters of AlexNet, GoogLeNet, and VGGNet were adjusted through learning from millions of images. 
AlexNet, GoogLeNet and VGGNet were typical CNN architectures and were used in this study as the pre-trained models. AlexNet [9] consisted of 25 layers and had 62.3 million parameters such as the weight of every neuron insides layer plus bias. GoogLeNet was developed by Szegedy et al. [44] , and it greatly reduced the number of parameters used in the network to 4 million, compared with 60 million typically used in AlexNet. VGGNet [29] can be regarded as a deeper AlexNet with 140 million parameters, so it used more computer memory and time to be fully trained. Initially, parameters were randomly generated and they were learnable through the training and testing process. The parameters of AlexNet, GoogLeNet, and VGGNet were adjusted through learning from millions of images.
Training of CNN can be performed by using supervised learning algorithms. Well-trained CNN models must learn from sufficiently labelled datasets so that the parameters could be greatly adjusted. Each training process of CNN consists of forwarding pass, loss function, backpropagation, and parameter update, and can be presented in the following six steps:
1.
Model initialization: all the parameters were randomly generated; 2.
Forward propagation: the input passed through the network layers and calculated the estimated output from the model; 3.
Loss function calculation: loss function was used to evaluate the prediction ability of the method.
The most common loss function used the mean square error (E) between the model's expected output y expected and estimated output y estimated and can be formulated as follows:
The value of E decreased during the training process until reaching a constant that was used as a threshold for the next step. The objective of the training process was to minimize the loss function by feeding the network many inputs and the desired output;
4.
Backpropagation: it is a process in which backward propagates the derivative of errors; 5.
Parameters update: In general, the weights (parameters) update by the delta rules [45] was defined as follows:
If the deviation is positive, the parameter should be decreased; if the deviation is negative, the parameter should be increased; if the deviation equal to 0, then the parameter is optimal. The learning rate is a constant and should be set based on experience; if too small, it will take a long time to get optimal weights; if too large, the weights will deviate from optimal;
6.
Iterates the process until convergence. Based on the previous step, the weights get updated very slowly, thus requesting many iterations to get the desired weights and minimize loss function. In reality, the CNN does not process the images one-at-a-time in order to increase productivity. A batch of samples is propagated through the network at the same time.
The labelled dataset from the same probability distribution as the training dataset [46] was split into training set and 30% for testing set, then the model was trained by the training set, after which the testing set was used for model evaluation. In classification task, the following indicators (Equations (3)- (5) 
where true positive (TN) were correctly identified, false positive (FP) were incorrectly identified, true negative (TN) were correctly rejected, and false negative (FN) were incorrectly rejected pixels. The well-known pre-trained networks were trained by millions of images. For example, the GoogLeNet used 1.2 million images for training, 50,000 for validation and 100,000 images for testing, and it can classify 1000 categories of ground truth images. In reality, it is difficult to have datasets with sufficient size to train a complete network. Today, to complete an entire network from scratch, the training process can even take 2-3 weeks on multiple GPUs. Due to time restrictions or computational constraints in many researches, transfer learning becomes the first choice to apply DL methods, which allows a new task to be started by adopting a pre-trained network. 
The Land Use Classification Method

Datasets for Transfer Learning
The UC-Merced Land Use Dataset contains 21-class high-resolution land-use images of the size of 256 × 256 pixels with 30 cm resolution. Examples of images are shown in Figure 3 . Each category in the UC-Merced dataset has 100 images. These images were manually extracted from the USGS National Map Urban Area Imagery collection for various urban areas around the USA [23] . But countries and cities have a very different environment resulting in significant differences in architectural style and layout style, thus the classifications of the land-use. For example, most cities in China have very dense high-rise buildings and by contrast, most residential areas in the USA are characterized by sparse and much lower density, and downtown area in New York City has many high-rise buildings. Currently, there is a lack of a comprehensive dataset that includes land-use features sampled from different cities and countries. In the study area, agriculture, building and road network land-use classes were not similar with the images from the UC-Merced dataset based on the observation, so manually sampled images were used for these categories instead. 
Methodology
Study Area and Primary Data
The study area is a section of the community of Cloverdale, at the north-eastern part of the City In order to address these varieties of possible land-use features and their classifications, this research used a mixture of the UC-Merced dataset and the manually sampled images from 2004 to 2017 digital orthophotos of the City of Surrey, BC, Canada. The size of the manually sampled images is 700 × 700 pixels and the resolution is 10 cm. The size of images from the UC-Merced dataset is 256 × 256 and the resolution is 30.5 cm. Therefore, the images from both sources cover almost the identical ground area. The manually sampled images were based on manual classification of features that represents agriculture, building and road network land-use classes.
The six main land-use classes used for classification and analysis were (1) green areas (GA); (2) industrial and commercial areas (In&Co); (3) high-density residential (HR); (4) low-density residential (LR); (5) parking lot (PL) and (6) road network (RN). For the purpose of model training and testing with 400 images for each LU class, the images were split randomly by the ratio of 70% (280 images) and 30% (120 images) with a total of 2520 and 1080 images for training and testing for each land-use, respectively. 
Transfer Learning Strategies
There are three main options to apply transfer learning [47] . As shown in Figure 4 , each option has different computational effort and accuracy. These options are as follows:
a.
Fine-tuning the whole network (Figure 4a ): Loading the pre-trained network, replacing the fully connected layer of the network, retraining the network using new dataset, and fine-tuning the weights of all layers through backpropagation. b.
Fine-tuning the higher layers of the network (Figure 4b ): Loading the pre-trained network, and freezing the parameters in the earlier layers of the network, so when retraining with new dataset, only the weights of last several layers will be updated. c.
Convolutional base as a feature extractor and link a support vector machine (SVM) to form a CNN-SVM based model (Figure 4c ): Loading the pre-trained network and feeding the data through the convolutional base; the output as the feature representations were then classified by SVM. This solution also required less computational effort. 
Methodology
Study Area and Primary Data
The study area is a section of the community of Cloverdale, at the north-eastern part of the City of Surrey, Canada ( Figure 5 ). The community of Cloverdale has been transformed over the years from a rural agricultural community to a prosperous small city attractive for young families, and it is known by its fast developing residential areas [48] ; therefore, it was chosen as the suitable area to detect LU change through DL methods. The City of Surrey database provide orthophotos from 2004 to 2017, from which the LU classification was implemented. Since each orthophoto was large and took an average 4 h to classify, only the selected images of good quality were processed for simplicity reasons. Particularly, the orthophotos for years 2004, 2006, 2011, 2013, 2015 and 2017 were considered in order to document the LU change for the past 12 years. The digital orthophotos cover a section of the community of Cloverdale [49] with size 2.0 km × 3.6 km and with 10 cm spatial resolution. The 2011 land-use data from the Metro Vancouver Open Data Catalogue [50] and from DMTI Spatial Inc. [51] were also used as references. 
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Land Use Change Analysis
1. The enriched UC-Merced dataset was used to fine-tune "GoogLeNet-'pool5-drop'-SVM" models. 2. The image of the study area was covering 20,000 × 36,000 pixels at a spatial resolution of 10 cm. The window with a pixel size of 700 × 700 shifted over and cropped the image in a specific order (from top to bottom and from left to right), with a stride of 100 pixels; therefore, there were {(20,000 − 700)/100 + 1} × {(36,000 − 700)/100 + 1} sub-patches, i.e., 194 × 354. The moving window covered all the image after 194 × 354 iterations with the same number of sequentially generated patches. These patches were sent to the classifier and land-use labels were returned. The numbers from 1 to 6 represent the six land-use labels. To extract the road network and green area land-use classes, the second process was repeated, while the size of moving window was set to 300 × 300 pixels, the matrix was only updated when the return label was 1 or 6. This process was done because green area and road network can exit in a small ground area independently. They can also become background of another feature if the moving window size was larger. For example, in a 700 × 700 pixels image, a small house can exist as agriculture land simultaneously, but the model will still think the image to be sparse residential. Therefore, the smaller window size, i.e. 300 × 300 pixels, was used again to separate out individual features from potentially misclassified 700 × 700 pixels images. Figure 6 shows the process used to perform the land-use classification to identify the changes. 
Results and Discussion
The obtained values for total accuracy are given in Table 1 based on the eight transferred CNN-based models. The total accuracy was calculated using Equation (3). Models (a) and (b) were structured by fine-tuning the whole AlexNet and GoogLeNet, respectively; models (c) and (d) used 'fc7' or 'fc6' layer from AlexNet as feature extractor with SVM as a classifier; model (e) and (f) were based on the 'loss classifier' or 'pool5-drop' from GoogLeNet as feature extractor, respectively, with SVM as a classifier. Models (g) and (h) used, respectively, 'fc7' or 'fc6' from VGGNet as feature extractor and with SVM as a classifier. Table 1 shows that the obtained values for model total accuracy from each transferred model rangeing from 95.1% to 98.1%. The transferred CNN models performed well on the land-use classification, with more than 95.0% accuracy. The accuracy difference was not large; however, the "GoogLeNet-'pool5-drop'-SVM" classifier was chosen for further classification in the next step given its best performance on our training dataset. As an example, Figure 7 depicts the confusion matrix for the highest performing GoogLeNet-'pool5-drop'-SVM. All the transferred models were trained on a single GPU 'Quadro P2000'. The average computing time of models (a) and (b) were 45 min 
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Results and Discussion
The obtained values for total accuracy are given in Table 1 based on the eight transferred CNN-based models. The total accuracy was calculated using Equation (3) . Models (a) and (b) were structured by fine-tuning the whole AlexNet and GoogLeNet, respectively; models (c) and (d) used 'fc7' or 'fc6' layer from AlexNet as feature extractor with SVM as a classifier; model (e) and (f) were based on the 'loss classifier' or 'pool5-drop' from GoogLeNet as feature extractor, respectively, with SVM as a classifier. Models (g) and (h) used, respectively, 'fc7' or 'fc6' from VGGNet as feature extractor and with SVM as a classifier. Table 1 shows that the obtained values for model total accuracy from each transferred model rangeing from 95.1% to 98.1%. The transferred CNN models performed well on the land-use classification, with more than 95.0% accuracy. The accuracy difference was not large; however, the "GoogLeNet-'pool5-drop'-SVM" classifier was chosen for further classification in the next step given its best performance on our training dataset. As an example, Figure 7 depicts the confusion matrix for the highest performing GoogLeNet-'pool5-drop'-SVM. All the transferred models were trained on a single GPU 'Quadro P2000'. The average computing time of models (a) and (b) were 45 min with single GPU, and models (c) to (h) took less than 5 minutes to generate classifier, which proved the time efficiency of using the transferred models, especially the CNN-SVM models. Figure 8 depicts the comparison of the obtained land-use classification map with the digital orthophoto of the study area in 2017. The boundary between different land-use classes was clearly defined in the resulting land-use map. Except for the north-western part of the study area, it can be seen that most of the remaining areas were classified as denser residential land-use. The middle of the study area was classified as industrial or commercial buildings' land-use. The outline of major roads was distinct. Figure 8c presents the orthophoto image and the classified image of the track field at the north of the study area, indicating that the track field was fully occupied by cars. At the same location on the classified image, there was a black elliptical area at the south of the study area, which was labelled as a parking lot. Even though this elliptical area was misclassified, the model still demonstrated the sensitivity to capture the features of cars and the shape of the track field. The boundary between different land-use classes was clearly defined in the resulting land-use map. Except for the north-western part of the study area, it can be seen that most of the remaining areas were classified as denser residential land-use. The middle of the study area was classified as industrial or commercial buildings' land-use. The outline of major roads was distinct. Figure 8c presents the orthophoto image and the classified image of the track field at the north of the study area, indicating that the track field was fully occupied by cars. At the same location on the classified image, there was a black elliptical area at the south of the study area, which was labelled as a parking lot. Even though this elliptical area was misclassified, the model still demonstrated the sensitivity to capture the features of cars and the shape of the track field. The boundary between different land-use classes was clearly defined in the resulting land-use map. Except for the north-western part of the study area, it can be seen that most of the remaining areas were classified as denser residential land-use. The middle of the study area was classified as industrial or commercial buildings' land-use. The outline of major roads was distinct. Figure 8c presents the orthophoto image and the classified image of the track field at the north of the study area, indicating that the track field was fully occupied by cars. At the same location on the classified image, there was a black elliptical area at the south of the study area, which was labelled as a parking lot. Even though this elliptical area was misclassified, the model still demonstrated the sensitivity to capture the features of cars and the shape of the track field. Based on the transferred "GoogLeNet-'pool5-drop'-SVM" model trained by the enriched UC-Merced dataset, the land-use classification was performed for years 2004, 2006, 2011, 2013, 2015 and 2017 as shown in Figure 9 . The composition result of land-use classes is given in Table 2 , which shows that from 2004 to 2017, the green area decreased during urban development. Dense residential areas were increasing over the years and low-density residential areas were decreasing, as can be expected from the growing population [53] in this area. From 2006 to 2011, it can be seen that a new residential community appear at the north of the study area. The percentage of road network was decreasing, because the density of building and residential areas increased, which have occupied the road area. In 2017, the old track field at the north of the study area was used for parking. The parking lots are usually close to shopping malls and industrial buildings. These features can imply the location and number of industrial and commercial (In&Co) land-use class, which also increased, while the change was not significant. The overall results indicate that the community of Cloverdale tends to develop itself as a predominantly residential area and not as an industrial or agricultural area.
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Conclusions
This research has focused on the (1) evaluation of eight transferred CNN-based models on land-use classification tasks, and (2) application of the best performing transferred CNN-based model as a classifier to classify and map the land-use from orthophotos of the study area. The results showed that successful land-use classification performance from all transferred models with at least 95.0% accuracy was obtained. The training and testing dataset that combined the off-the-shelf UC-Merced dataset with the manually classified images from the study area were used in order to enrich the data and train the model with the local land use features. Using the digital maps, the land-use change of the study area over years was interpreted.
The study has indicated the effectiveness of CNN-SVM models for land-use classification, especially with the "GoogLeNet-'pool5-drop'-SVM" algorithm. The training data that was obtained 
The study has indicated the effectiveness of CNN-SVM models for land-use classification, especially with the "GoogLeNet-'pool5-drop'-SVM" algorithm. The training data that was obtained from a real study area, including the manual image interpretation, can improve the overall classification results with significant time efficiency. Incorporating manual image interpretation makes the experiment less automatic, and it increases time for project completion. The proposed methodology requires selection and augmentation in every specific study area to reach better LU classification accuracy, which needs a little prior knowledge of the study area. Augmenting the amount of training datasets to cover wide variety of world regions will be helpful to improve classification and achieve higher accuracy using CNN models. Overall, the proposed land-use classification method can be transferred to analyze real-time digital orthophotos datasets from other urban-rural fringe areas, providing a fast and low-cost solution to aid land-use change analysis and to assist municipal land management.
